A b s t r a c t Eggplants, cv. Black Beauty, were grown in the greenhouse of the University of Warmia and Mazury in Olsztyn. During the growing season, the plants were sprayed three times with Asahi SL, Biochikol 020 PC and Bravo 500 SC, they were watered with Polyversum, and a mycorrhizal inoculum was applied to the roots of seedlings. Unprotected plants, treated with distilled water, served as control. After fruit harvest, samples of the substrate used for eggplant cultivation, eggplant stems and roots were collected, and fungi were isolated in the laboratory.
INTRODUCTION
The eggplant (Solanum melongena L.) is grown in many countries of the world due to its high content of bioactive components, including phenolic compounds, macro-and micronutrients (L u t h r i a , 2009). The yield and quality of eggplant fruit are determined, among others, by cultivation form, organic and mineral fertilization, soil moisture content and pathogen infection rates ( Developing new cultivars with improved resistance is an important consideration in disease control (P a n t h e e and C h e n , 2010). There has been a growing interest in the use of biological control methods and practices. In a study by E l m e r and F e r r a n d in o (2009), an increase in the size of snail populations improved the biological state of soil, thus stimulating the growth of eggplant and reducing the symptoms of verticillium wilt. Strains of Bacillus spp., applied to soil or root surface, provided good control of pathogens, such as Verticillium albo-atrum, V. dahliae and V. tricorpus (T j a m o s et al. 2004) . Biocontrol agents (Polyversum), biotechnological control agents (Biosept 33 SL, Biochikol 020 PC) and mycorrhizal inoculum (K a r a g i a n n i d i s et al. 2002) have been increasingly applied in the production of vegetable crops (J a n a s et al. 2002) .
The aim of this study was to determine the effects of biological and chemical control agents on the composition of fungal communities colonizing eggplant stems, roots and the substrate used for eggplant cultivation.
MATERIALS AND METHODS
Eggplants Solanum melongena L., cv. Black Beauty, were grown in the greenhouse of the University of Warmia and Mazury in Olsztyn in 2006-2007. Four-week-old eggplant seedlings were planted in pots filled with peat substrate and garden soil at a ratio of 1:3 (total 9 dm 3 of the substrate). The experiment involved the following treatments: eggplant sprayed three times with 0.2% Asahi SL (20 ml/plant), plants sprayed three times with 2% Biochikol (40 ml/plant), plants watered three times with 0.1% Polyversum (40 ml/plant), mycorrhizal inoculum (Glomus spp. -Mycoflor ® ) applied to the roots of seedlings prior to planting, eggplant sprayed three times with Bravo 500 SC (according to the recommendations of the Institute of Plant Protection-National Research Institute in Poznań). Every treatment comprised six plants (six pots). Pots with unprotected plants served as control. After fruit harvest, samples of substrate from the rhizosphere, stems and roots were collected from each pot. Following disinfection with 50% ethanol and 1% sodium hypochlorite, 0.5 cm pieces of stems and roots were treated with distilled water and placed on PDA medium, in five replications (five Petri dishes x 6 pieces of stems/ roots). After seven days of incubation, fungal colonies were inoculated onto agar slants for later microscopic identification according to standard keys and monographs (A r x , 1983) . Substrate samples collected at a depth of up to 5 cm under each plant were placed in dishes and mixed with a rotary motion. 1 g of the resultant fraction was mixed thoroughly with 149 g fine sand in a flask with a rotary motion for 10 minutes. 300 mm 3 of the mixture was poured with Martin medium (50 o C) (M a ń k a , 1974). Fungal colonies were transferred on agar slants for later microscopic identification.
RESULTS AND DISCUSSION
The results of the greenhouse experiment show that fungal communities colonizing the stems and roots of eggplants were characterized by low diversity (Tables 1 and 2 ). The isolated communities comprised filamentous fungi, yeast-like fungi and non-sporulating fungi. The applied biological and chemical control agents reduced the abundance of fungi, including potential pathogenic species (Alternaria alternata, Botrytis cinerea and five species of the genus Fusarium), compared with the control treatment. Differences in the abundance of these fungi between particular control treatments were significant, except for pathogens isolated from substrate samples (Table 4) .
In India, Alternaria tenuissima was found to cause leaf spot and fruit rot on eggplant ( (2007) reported that F. solani isolates obtained from tomatoes and potatoes caused root rot in S. melongena. In another experiment (P a n t e d i d o s et al. 2009), non-pathogenic strains of F. oxysporum colonizing the roots of eggplants lowered the severity of infection caused by V. dahliae. In the present study, the above mentioned pathogenic fungi colonized the stems of eggplants from all treatments, except for B. cinerea in plants sprayed with Asahi SL. Pathogens had a high share (over 65%) of the fungal community colonizing the stems of unprotected plants and plants watered with Polyversum (Fig. 1b) . Pathogenic species were isolated in lower numbers (30% of all isolates) from eggplant organs in other experimental treatments. The lowest number of Fusarium species were isolated from the stems of plants sprayed with Biochikol 020 PC and Bravo 500 SC. As demonstrated by H i j w e g e n and T e r m o r s h u i z e n (2000), the synthetic growth inducer Bion (R) had no inhibitory effect on the development of Verticillium wilt caused by the soil-borne pathogen V. dahliae in eggplants. In the present experiment, the species Cladosporium cladosporioides and Penicillium had a share of ca. 10% each in saprotrophic fungi (Fig. 1a ). They were isolated from eggplant stems in all treatments. Sporotrichum olivaceum and the species order Mucorales (Mucor circinelloides, M. hiemalis, Rhizopus nigricans and Zygorhynchus nigricans) accounted for less than 6% of all isolates in this fungal community.
Pathogenic fungi were less frequently (40.6%) isolated from the roots of eggplants than from the stems (47.6%) (Fig. 2a) . Pathogens were present in the lowest numbers on the roots of plants sprayed with the fungicide Bravo 500 SC, and they were represented only by Fusarium species. They colonized the roots of eggplants from all treatments, and were isolated in greatest abundance from plants sprayed with the growth regulator Asahi SL (Fig. 2b) . The species Colletotrichum coccodes was present in the largest numbers in control plants. Explanations as in Table 1 According to J a n a s et al. (2002) , Biosept 33 SL, Polyversum and Amistar 250 SC offer effective control of soil pathogens, in particular S. sclerotiorum and V. dahliae, and they also stimulate the growth of eggplants and improve the yield. F r e e m a n (2008) reported that C. acutatum may asymptomatically colonize eggplants, tomatoes and peppers. In the present study, saprotrophic fungi of the order Mucorales accounted for over 30% of all isolates, and the dominant species were Mortierella alpina and M. isabelina. Yeast-like fungi had a three-fold lower share of the community. They developed primarily on the roots of plants treated with Polyversum and Biochikol 020 PC.
The soil fungal community was most diverse, and it consisted of as many as 30 species (Table 3) . Yeast-like fungi occurred in greatest abundanceover 60% of all isolates (Fig. 3a) . Pathogenic fungi were seldom isolated from the substrate, and they accounted for only 2.5% of all isolates in the control treatment (Fig. 3b) . Pathogenic species were much more frequently found on the roots and stems of eggplants, and they were not present in substrate samples collected from under fungicide-treated plants. Fungi showing antagonistic activity against pathogens were more commonly isolated (18.2% of all isolates, five Paecilomyces species and five Trichoderma species). N a g t z a a m et al. (1998) reported that a combination of Gliocladium roseum and Talaromyces flavus incorporated in soil reduced colonization of roots and infection of eggplants by V. dahliae. In a study by L e w i s et al. (1998) , T. hamatum and G. virens applied to soil reduced damping-off of eggplant seedlings caused by Rhizoctonia solani. W u et al. (2008) described hyperparasitic potential of T. harzianum over S. sclerotiorum, a dangerous pathogen of eggplant seedlings, which was manifested as inhibition of mycelial growth and sclerotia production. The above mentioned antagonistic fungi colonized the substrate from all treatments, and the applied mycorrhizal inoculum supported their growth. K a r a g i a nn i d i s et al. (2002) observed a beneficial influence of the arbuscular mycorrhizal fungus (AMF) Glomus mosseae which increased the macronutrient and micronutrient uptake by plants and reduced V. dahliae infection rates.
CONCLUSIONS
Potential pathogenic fungi (A. alternata, B. cinerea, C. coccodes and Fusarium species) more frequently colonized the stems and roots of Solanum melongena in particular treatments with biological and chemical control than the substrate used for eggplant cultivation.
The applied biological and chemical control agents effectively reduced the populations of pathogenic fungi colonizing eggplant stems, compared with the control treatment.
The lowest number of potential pathogenic species were isolated from the stems of eggplants treated with the biostimulator Asahi SL and the fungicide Bravo 500 SC, and from the roots of fungicide-treated plants.
The fungal community isolated from the substrate used for eggplant cultivation was dominated by yeast-like fungi.
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